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Equivalent study on stiffness of space truss structure
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Abstract: To solve the problem of a lack of theoretical guidance in the simplification process of space pipe truss structure, the equivalent
bending moment of inertia of space pipe truss structure was deduced by using the knowledge of material mechanics, and the corresponding
calculation formula was put forward. Based on the principle of equal torsional strain energy, the formulas for calculating the equivalent thin
plate thickness of the web members and the top and bottom lateral bracing of the pipe truss were derived, and the continuous equivalent section
was constructed. The formula for calculating the equivalent torsional moment of inertia of the space pipe truss structure was proposed by using
the thin-walled bar theory. The cantilever method was used to verify the accuracy of the calculation formula of equivalent moment of inertia.
The equivalent analysis of the tennis court of Lanzhou Olympic Sports Center was carried out. The results show that the formula for calculating
the equivalent moment of inertia is reasonable, and its error is within 4% compared with that of the cantilever method. Under the action of
deadweight, the errors of the maximum displacement value and the maximum stress value between the original structure and the simplified
structure of the tennis court are less than 9%. The vibration modes of the first five steps of the original structure are similar to those of the

simplified structure, and their errors of the natural frequency are less than 4%, so the simplified structure has high accuracy.
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Fig.1 Section layout of space pipe truss formed by two plane

trusses
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Fig. 10 The equivalent torsional moment of inertia of

space truss
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Fig. 14 The simplified structure
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Tab.4 The comparison of static response between the original

structure and the simplified structure of the main truss

i F R FS/mm K J1/MPa
4t 8.7 13.6
fRi et 9.1 14.7
R2E% 45 8.1

R AN ) JE AT DA [ B ) R R 2 5 AR, P L3 i 2
AR o BeAh T2 A HEAT BT I A R AR,
AR A S B ST AR TR ST o T B LAY, BT LA
XL REAT O, i 2 AR IR B 3L il AR O 3
I LAARR B 950 25 1 22 {EL A, (HR i 10%, AR SCH
H G IR 2 A B T T S TR A AT 2R S A A AT AL

®5 EWMBEEW SN B RFEX L
Tab.S5 The comparison of natural frequencies between the

original structure and the simplified structure of the

main truss
5120 J 455 /Hz TR L4514 /Hz RE/%
1 4214 4.475 6.2
2 5.652 6.034 6.8
3 8.319 7.931 4.7
4 9.653 9.623 0.3
5 12.783 12.867 0.7
6 15.609 14.347 8.1
7 16.403 16.007 2.4
8 20.844 21.016 0.8
9 22.396 21.410 44
10 24.020 23.343 2.8
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Tab. 6 The comparison of vibration modes between the original & 15 22 N B L P BRAE R AL S5 4
structure and the simplified structure of the main truss Fig. 15 The simplified structure of tennis court of Lanzhou
Bk R4 A 4 Olympic Sports Center
R7 MRWESEH SRS RERTLE
1 Tab.7 The comparison of mass between the original structure
and the simplified structure of tennis court
T i /kg
k) 421264
> i fe4i 1 421005
RZE% 0.06
R PIBRTE RG-S 6 10 G540 ¥ 1 R R X HG
Tab.8 The comparison of static response between the original
3 structure and the simplified structure of tennis court
el TR /mm KN J1/MPa
JERE5 1) 45 52
T &bt 41 50
4 /% 8.9 3.8
7% 3.8%:
FIFH ANSY'S 51 Xt 190 BR 1R T 45 #4908 4k 45 44
5 9 3l I3 R AT 2 A, B AR TR 9, AT LUE
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X, SRS A 5 TR AL A R i R 22 HUA 0.06%
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Tab.9 The comparison of dynamic characteristics between the original structure and the simplified structure of tennis court

ik JREhH fajfeztny HIRITR IR %

1 3.49

2 3.72

3 0.62
/=3.8008 Hz

4 0.32
/=3.8310 Hz

5 2.21

£-3.8561 Hz

£-3.9411 Hz
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